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Abstract
Lower limb exoskeletons (LLE) are robotic devices developed to assist walk. In the field of healthcare, this technology 
has been available for almost a decade, yet it still faces important acceptance issues. While LLE were first developed for 
patients with spinal cord injuries, we expect their use to expand to everyday settings to benefit other populations, namely 
that of older people with reduced mobility (RM). We propose a qualitative approach to unearth key psychosocial themes 
on the acceptance of LLE in daily living for older people. The study analyses perceptions of older people with RM, as 
well as their entourage, including informal and professional caregivers. Using a grounded theory approach we analysed 12 
semi-structured interviews with older people with RM; 2 focus groups with informal caregivers, and 2 focus groups with 
professional caregivers. LLE were introduced to participants through photo-elicitation. Older people with RM believed that 
LLE would increase their autonomy. They also perceived that using LLE would make them feel less of a burden for their 
entourage. Beyond these expected benefits, results captured participants’ ambivalence, dependent on their experiences of 
the ageing process and perceptions on the human–machine interaction. Informal caregivers highlighted that LLE could 
provide important relief related to the burden of care. Nonetheless, professional caregivers raised the fear of LLE leading 
to dehumanization of care. While each group had specific concerns on how LLE use would impact their lives, psychosocial 
considerations played a key role in LLE acceptance.

Keywords  Lower-limb exoskeleton · Older people with reduced mobility · Ageing · Assistive technology · Qualitative 
methods

1  Introduction

Ageing constitutes a complex process involving social, phys-
ical and cognitive changes, as well as psychosocial transfor-
mations [1–3]. Older peoples’ evolving identities are char-
acterised by unprecedented meanings about life, the body 
and the self, associated to physical, psychological and social 
transformations. Such lived experience is defined by their 

participation to new everyday life environments [4–6], such 
as medical settings or nursing residencies. In contemporary 
Western societies, addressing older populations’ health and 
care needs constitutes a major challenge linked to a high 
average life expectancy which is still anticipated to increase 
by five years between 2005 and 2050 [7, 8].

A major psychosocial implication of ageing is the loss 
of autonomy caused by the decline of physical mobility. 
Older people are subject to rapid mobility deterioration. For 
instance, being bedridden (whether from illness or accident) 
can lead to a loss of muscle mass and strength (up to 5% 
per day). [9] Mobility deterioration can also happen after a 
stroke which has a high prevalence of 18% in the 55 + popu-
lation [10]. To fully recover, older people are led to work on 
their muscular strength, often with the help of professional 
and/or informal caregivers, both at home and in rehabilita-
tion settings. This physical decline inevitably affects ways in 
which everyday activities are carried out. Also, this physical 
decline can be an onset for an older person having to move 

 *	 Maria del Rio Carral 
	 maria.delriocarral@unil.ch

1	 Institut de Psychologie, Université de Lausanne, 
Mouline‑Géopolis, 1015 Lausanne, Switzerland

2	 Biorobotics Laboratory (BIOROB), School of Engineering, 
Ecole Polytechnique Fédérale de Lausanne (EPFL), 
Lausanne, Switzerland

3	 Translationnal Neural Engineering Laboratory (TNE), 
School of Engineering, Swiss Federal Institute of Technology 
(EPFL), Geneva, Switzerland

http://orcid.org/0000-0002-1676-3964
http://crossmark.crossref.org/dialog/?doi=10.1007/s12369-021-00810-9&domain=pdf


	 International Journal of Social Robotics

1 3

from the private household to a nursing residence. Hence, 
challenges related to ageing involve not only the older per-
son as an individual, but also their entourage and healthcare 
systems more broadly.

Within this context, assistive technologies (AT) have 
massively expanded to address some of the complex chal-
lenges related to ageing. Particularly, powered lower limb 
exoskeletons (LLE) are robotic-like devices that assist peo-
ple to walk. They constitute a promising solution that can be 
targeted at increasing physical mobility among older popula-
tions. These tools have been designed to assist with walk-
ing through a partial effort contribution or by mimicking as 
much as possible the human gait (Fig. 1). Recently, there 
has been a growing interest towards the potential of LLE 
in the field of gerontology, as these tools could contribute 
to enhance autonomy among older people and, in doing so, 
improve their quality of life [11].

Today we witness a recent growing interest in the litera-
ture with regard to the acceptance of LLE for everyday use 
among older populations in Western societies [14]. From a 
user-centred perspective, Shore and her colleagues [15, 16] 

have explored LLE acceptance in certain European contexts. 
This work adopts qualitative methods to explore the percep-
tions of senior adults (primary users) and caregivers (sec-
ondary users) regarding the potential of LLE for social and 
domestic settings. Their approach is inspired by the Technol-
ogy Acceptance Model applied to older populations (Sen-
ior Technology Acceptance Model, STAM) [15]. This line 
of research has pointed out an array of functional require-
ments to be prioritized for exoskeleton design for older adult 
populations. Their research shows that exoskeletons need to 
include a specific set of functionalities to be better accepted 
by older people. More specifically, they need to be effective, 
feel safe, facilitate walking, allow for hands-free usage, sup-
port their user’s body appropriately, be easy to wear, and be 
low cost [16]. This array of features corresponds to practical 
functionalities. Yet, there is scant research that describes 
the psychosocial dimension of LLE acceptance among older 
people and their caregivers. For instance, a recent study 
using qualitative methods highlighted the importance of 
perceived usefulness and trust of the technology [15]. How-
ever, additional research that adopts a qualitative perspective 
is further needed. In the fields of psychology and health, 
qualitative methods have a long tradition in the understand-
ing of human experience by examining meanings that people 
attach to the world, others, and themselves through language 
[17]. Beyond its potential to analyse complex phenomena 
[18], qualitative research is moreover well-suited to produce 
knowledge from the recipient’s perspective and to move 
towards recommendations that consider the complexity of 
health and illness experiences [19]. In this sense, it seems 
particularly appropriate to focus on the qualitative, thus, in-
depth understanding of older people and their caregivers’ 
own experiences of the ageing process, the care relationship, 
and the projections they may have on LLE and technology. 
This psychosocial focus deserves more attention to assess 
the potential of LLE for autonomy enhancement specifically 
among older people in everyday life contexts [20].

The present qualitative study will contribute to fill in this 
gap in research. It aims to gain a deeper understanding on 
the perceptions that older people and their caregivers attach 
to LLE by referring to their lived experiences, everyday 
activities, and personal needs. To achieve this aim, we con-
duct an interdisciplinary study involving health psychology 
and robotics: Health psychology provides a qualitative per-
spective to analyse how individuals concerned by reduced 
mobility and ageing perceive LLE, based on their lived 
experience [20]. The field of robotics will provide a specific 
prototype of LLE that is currently developed. Our study will 
consider three different perspectives: those of older people 
with reduced mobility (RM) as well as the ones of their 
informal and professional caregivers respectively. The study 
focuses on the situations of older people who live in nursing 

Fig. 1   Illustration of a powered lower limb exoskeleton actuated at 
the level of the hip and knee joints. It assists the abduction/abduction 
and flexion/extension of the hip joint, and the flexion/extension of the 
knee joint (LLE Autonomyo, [12, 13])
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residencies or at home, and who require special assistance 
to carry out everyday activities.

2 � Current Developments

Assistive technology (AT) is receiving attention because of 
their capacity to improve the quality of life among vulner-
able populations with motor deficits, amputated limbs, hear-
ing or visual impairments. AT primarily provides help to 
perform activities of daily living (ADLs). The emergence 
of robotics plays a key role in the current trends to extend 
AT with personal robots, powered prosthetics, knee or ankle 
joint exoskeletons, motorized wheelchairs, and powered exo-
skeletons [21–24].

Powered LLE, which we address in the current study, are 
wearable devices rigidly interfaced with the user’s legs to 
assist walking, through a partial effort contribution, or by 
mimicking as much as possible the human gait. To assist 
people with impaired mobility, LLE can adopt two differ-
ent approaches: mobilization or assistance. Mobilization 
strategies are adapted for largely impaired patients such 
as complete spinal cord injury people where the exoskel-
eton is providing full motion based on programmed tra-
jectories. Assistance strategies give more freedom to the 
user by providing additional force to the user based on the 
sensed motion. The latter are well-suited for mildly impaired 
patients suffering from neuromuscular disease or following 
a stroke [25]. To date, research on LLE has often focused 
on the needs of individuals suffering from complete spinal 
cord injury [26, 27]. Their use in rehabilitation seems to 
have positive effects not only on a physical level, but also on 
a psychosocial level such as the quality of life. Also, daily 
social interactions and everyday activities tend to be facili-
tated through a verticalized and upright body posture [28].

Recently, the potential of LLE for older people has been 
highlighted [11, 25, 29, 30]. Ageing, and strokes, involves 
increased health risks, among which one is the reduction 
of physical mobility. While mobility tends to deteriorate 
under ageing circumstances, the capacity to perform daily 
tasks and social interactions becomes increasingly difficult 
as well. Under such circumstances, LLE constitute promis-
ing AT solution for everyday uses as they could improve 
the autonomy for the older end-user. Social and psychologi-
cal well-being among senior populations could also benefit 
through social reengagement and psychological empower-
ment [31]. Ultimately, these changes in everyday life could 
also potentially be positively perceived from the perspective 
of professional and informal caregivers who are involved in 
addressing seniors’ health and care needs in the day-to-day. 
At the same time, due to their ‘futuristic’ appearance, LLE 
could be stressful to senior end-users. The digital divide 
seems to contribute to explain this potential barrier [16]. 

More ‘traditional’ already existing AT, such as canes and 
wheelchairs, could be preferred instead [15].

Although exoskeletons have been proven effective in 
improving the degree of autonomy among users, these assis-
tive devices can also be seen as physically burdensome espe-
cially when the users encounter difficulties in mastering such 
technology [32–34]. In fact, LLE may cause unprecedented 
ways of experiencing the body by introducing a triangular 
relationship between the end-user, the device, and the envi-
ronment. This triangular relationship is crucial in developing 
acceptance of LLE by their users. Indeed, researchers have 
mainly emphasized the importance of helping patients via 
AT to ‘move as a human’ more than ‘move like a human’ 
[32].

Based on the potential benefits and barriers of LLE 
acceptance and use, it seems imperative to better understand 
the ways in which older people and their entourage experi-
ence and embody, from their own perspective, the ageing 
process, and the reduction of physical mobility. For instance, 
certain individuals might consider AT as a reminder of their 
disability and, consequently, they would rather ‘live’ with 
their disability than acknowledge their need for technologi-
cal assistance [31]. Thus, the acceptance of LLE as an AT 
appears to be a complex process where subjective views on 
health and care needs are closely intertwined with percep-
tions on ageing, the care relationship, and the technology. 
Moreover, these perceptions are inevitably rooted in per-
sonal experiences, which are always contextualised [20, 35]. 
For example, individualised postmodern Western societies 
tend to highly value autonomy, as well as personal agency. 
These values could orient LLE acceptance as they influence 
the ways in which ageing is perceived among senior adults, 
especially regarding a loss of autonomy.

3 � An Interdisciplinary Qualitative Approach

Recent studies have underlined the need to involve end-
users in the process of analysing LLE acceptance, especially 
within the field of gerontology [15, 16]. Indeed, knowledge 
regarding older people’s perceptions—as well as that of their 
entourage—of ageing and their experience of the care rela-
tionship are both crucial to better understand the psychoso-
cial benefits and potential challenges of LLE use.

Qualitative research in health psychology has the poten-
tial to provide nuanced knowledge, based on people’s own 
perspective [18]. This form of research was adapted to con-
duct an exploratory study following an interdisciplinary col-
laboration with robotic engineers. Indeed, a specific LLE 
is being developed for potential users with neuromuscular 
weaknesses by the research group REHAssist of the Swiss 
Federal Institute of Technology (EPFL). This device, called 
AUTONOMYO [12, 13], is innovative given its light weight 
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and character, which echoes the structure and dimensions 
of human lower limbs. Also, AUTONOMYO’s originality 
relies on its potential to reproduce human movements to 
assist with walking. Its design and control strategies aim 
at enabling users to experience better body balance com-
pared to other exoskeletons currently being produced. The 
similarity of AUTONOMYO’s movement with the dynamics 
involved in human walk seem promising to allow greater 
mobility among users, since it does not require any crutches 
or canes. AUTONOMYO can interact with human lower 
limbs while imitating their natural movements. This gain in 
autonomy could be highly useful to aid older people with 
ADLs. However, AUTONOMYO cannot reach its full poten-
tial unless its construction considers the perspectives of its 
intended end-users. Beyond the mechanics and functioning 
of the device, we strongly believe that technology must meet 
people’s psychosocial views and needs, within specific con-
texts of everyday life, based on the end-user’s experience.

Given these arguments, the collaboration between robotic 
engineers and health psychologists was necessary for the 
further understanding of the psychosocial aspects involved 
in the acceptance of LLE among older people. In addition, 
this collaboration is useful to study in which environments 
are the use of LLE most appropriate to enhance autonomy 
and well-being in daily life.

4 � Methodology

In our study, we adopted a qualitative methodology, spe-
cifically using a grounded-theory framework [36, 37]. This 
framework is widely acknowledged in the domains of psy-
chology and health to explore how people make sense of 
their experience, based on meanings that they attach through 
language to their everyday life and experience [38–40]. In 
fact, qualitative data are not aimed at testing causal hypoth-
esis, measuring the influence of psychological variables, nor 
building predictive models. Rather, qualitative data have the 
potential to provide an in-depth understanding of a given 
phenomenon as experienced by a certain group of individu-
als [41].

4.1 � Population and Ethical Issues

The current research, funded by a Swiss programme, took 
place in the French-speaking part of Switzerland. All par-
ticipants were recruited by the research team conducting this 
study through medical practices of the physiotherapists and 
the occupational therapists, domestic caregiver centres, day-
care centres, retirement homes, different geriatric associa-
tions and, finally, using social networks. The research pro-
tocol was approved by the competent human research ethics 
committee (reference EPFL, HREC-004-2018). Particular 

attention was taken on the handling of any sensitive data, 
typically the details related to the mobility condition of the 
older participants. All participants were informed of the 
details of the study before data collection and informed con-
sent was obtained. Three populations were recruited:

1.	 Home dwelling older people with RM (n = 12) both 
male and female (8 male and 4 female) aged from 64 
to 80 years-old (mean age = 70.9), from different socio-
economic backgrounds and currently living in the 
French-speaking part of Switzerland and capable of 
discernment. Individuals with paraplegia were excluded 
from this study.

2.	 Informal caregivers (n = 7), both male and female (2 
male and 5 female, mean age = 58.14), who assisted or 
accompanied on a regular basis an older person with 
RM residing at home (n = 4) or a residency environment 
(n = 3); from different socio-economic backgrounds and 
currently residing in the French-speaking part of Swit-
zerland and able to speak fluent French. Individuals hav-
ing personal contact with the older population who were 
selected for this study were excluded.

3.	 Professional caregivers (n = 9), both male and female 
(3 male and 6 female) holding a certification of nursing 
science, healthcare assistance and community health, or 
personal care assistance (mean age = 41.44); assisting 
or accompanying at least 3 times per week one or more 
older persons with RM residing at a household (n = 4) 
or nursing home environment (n = 5). Individuals having 
personal contact with the older population selected for 
this study were excluded.

4.2 � Data Collection

The collection of data involved a qualitative methodology 
aimed at producing narratives among primary and second-
ary potential end-users of LLE, using through three differ-
ent methods: semi-structured interviews [42], focus groups 
[43] and photo elicitation [44]. Given ethical and security 
reasons, the LLE was not actuated nor worn by any of the 
participants.

Twelve semi-structured interviews with older people 
with RM; 2 focus groups with 3–4 informal caregivers 
and 2 focus groups with 4–5 professional caregivers were 
conducted by the researchers, namely the health psycholo-
gists. The interview and focus group guides were loosely 
structured, using photo-elicitation to orient the discussion, 
as to allow participants to elaborate freely around their own 
perceptions and experiences. The method of photo elicita-
tion [44] therefore served as a complementary technique to 
stimulate the production of narratives. Images below (Fig. 2) 
were taken by the research team, namely by the robotic 
engineers. These images portrayed AUTONOMYO being 
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worn by a senior adult (the chief of the robotics engineers’ 
team) illustrating situations involving ADLs (e.g. shopping 
for food, doing a leisure activity, walking on a sloped road, 
climbing stairs). Images were used in interviews and focus 
groups to stimulate contextualised narratives. That way, par-
ticipants were able to visualise concrete LLE in relation to 
everyday life situations. Full accounts were recorded and 
transcribed by two of the health psychology researchers. All 
interviews and focus groups were conducted in French and 
were also transcribed in French. Any information potentially 
revealing the identity of the participants was anonymised 
and replaced with fictitious names.

4.3 � Data Analysis

Individual interviews and the focus groups’ discussions were 
fully transcribed by two health psychologists of our team. 
The analysis was conducted in French, the original language 
of the data, although quotes used to illustrate our findings 
have been translated to English.

Full transcripts were subject to inductive thematic analy-
sis [45]. This is a widely acknowledged method of inductive, 
thus exploratory analysis in qualitative research in psychol-
ogy. Unlike quantitative procedures, this type of analysis 
does not require the previous definition of hypothesis [35, 
46]. Inductive thematic analysis was conducted across the 
data to identify common topics or themes approached by 

participants during the individual interviews and focus 
groups. This analysis allowed for a systematic procedure 
to classify all accounts into distinct themes, defined on the 
basis of their meaning, that is, semantic similarities and dif-
ferences [46]. The analytical process was completed until 
a semantic coherence was reached regarding participants’ 
accounts and our research aims. Each corpus—the interview 
transcriptions (older people with RM) and the focus groups 
transcriptions (informal and professional caregivers)—were 
analysed separately to assess each population’s perspective.

5 � Main Findings

Participants from all three populations: older people with 
RM, professional, and informal caregivers talked about the 
potential of using LLE by emphasising psychological and 
social considerations. Rather than focusing on practical 
functionalities, all participants discussed ways in which 
they perceived LLE regarding ageing, the care relation-
ship, and technology in terms of a human–machine inter-
action. The sets of themes described below in detail best 
captured participants’ perspectives. We present findings 
stemming from (4.1) older people with RM, (4.2) informal 
caregivers, and (4.3) professional caregivers separately, to 
then define cross-cutting considerations.

5.1 � Older People with RM Perspectives

Accounts by older people with RM on the acceptance of 
LLE were organized according to three main topics or 
themes:

(a)	 Autonomy in everyday life can be enhanced through 
LLE, yet its acceptance requires learning;

(b)	 contrasting views of the ageing process and,
(c)	 contrasting imaginaries on the human–machine interac-

tion.

5.1.1 � Autonomy in Everyday Life can be Enhanced Through 
LLE, Yet Its Acceptance Requires Learning

LLE were perceived by older people with RM as beneficial 
devices in the sense that they could contribute to enhance 
autonomy by facilitating walking. Interestingly, psycho-
social advantages were raised. One of them concerned the 
possibility of feeling more independent regarding their 
caregivers, thus, to feel less of a ‘burden’ in carrying out 
everyday tasks.

Fig. 2   Example of images used for the photo elicitation method
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Interview 6: […] precisely, I would feel less depend-
ent. (F, 74 years-old, older person with RM)

This need for autonomy was explained in contrast to their 
present situation of dependency towards informal and pro-
fessional caregivers, experienced as particularly difficult:

Interview 1: I would like to try anything that would 
make me less dependent, you see? It’s really difficult 
to be dependent upon people, you know, very diffi-
cult! (F, 78 years-old, older person with RM)

From older people’s perspective, autonomy associated to 
LLE potential would open up new possibilities for eve-
ryday life. Namely, LLE use would increase their abil-
ity to decide and choose activities without depending on 
someone. From this view, exoskeletons were portrayed as 
a promising solution:

Interview 7: It’s really great to be able to do again 
things in which we can decide on our own, to have 
a certain independence and some spontaneity with 
regard to our own decisions. (M, 67 years-old, older 
person with RM)

Other psychosocial advantages associated to the embodied 
structure of exoskeletons were underlined. Most participants 
pointed out the expected positive influence of LLE on bodily 
sensations associated to everyday life. Specifically, partici-
pants argued that LLE had the potential to improve their own 
overall balance. All participants were convinced that this 
benefit could contribute to decrease their constant feeling 
of tiredness:

Interview 9: Probably that [pointing at the exoskeleton 
in one of the images] would have an influence, I think 
I would feel less tired. (M, 73 years-old, older person 
with RM)

Beyond these psychosocial benefits, the integration of LLE 
in everyday life was perceived as a process requiring learn-
ing. Participants underlined that they would need time to 
become familiar with this tool to make the most of its use:

Interview 2: Maybe, at first, I would be afraid of using 
it and I would have to become familiar with it. But 
in the long run, I’m sure that it would help me. It’s 
like with everything else, you have to get used to it, 
and then you can achieve spectacular results! (M, 69 
years-old, older person with RM)

In summary, the first theme on older people with RM 
pointed out the many perceived benefits of LLE for daily life 
use beyond their functionalities. The psychosocial dimen-
sion of autonomy was linked to expectations that concerned 
embodied sensations but also an increase in personal wellbe-
ing. LLE for everyday life use was said to require a learning 

process that participants from this group would be willing 
to engage in.

5.1.2 � Contrasting Views of the Ageing Process

Older people with RM’s perception of LLE was strongly 
linked with their own definition of ageing, based on their 
lived experience. Two different positions were identified 
across participants:

According to the first position, mobility impairments 
were considered part of the normal and progressive 
decline associated with ageing. Participants who related 
to this vision seemed more reluctant towards LLE, as the 
use of such tools seemed to counter the ‘natural’ evolution 
that they associated to the ageing process: 

Interview 10: It’s totally normal to grow old, it’s nor-
mal to have increased difficulties to move around! 
That’s part of life, that’s the evolution that all of 
us will undergo more or less rapidly, so it’s better 
to begin to accept it rather than trying to fight, and 
fight and push against the normal evolution. (F, 75 
years-old, older person with RM)

Participants adhering to the second position considered 
it beneficial and necessary to use AT to fight against the 
negative implications of ageing such as physical decline. 
LLE were portrayed as promising solutions in this context 
to counter mobility loss. From this view, participants were 
open to the idea of using LLE to help push the boundaries 
of ageing and in doing so, certain difficulties that were 
experienced: 

Interview 3: As we become old, the ‘machine’ [refer-
ring to the human body] falls into pieces and we 
have increased difficulties to walk. But that’s normal, 
that’s ageing, that’s the way it is […] But if ‘your 
device’ [referring to the exoskeleton shown in the 
pictures that were presented by the researcher] can 
help me fight against a little bit of this, and by doing 
this, postpone the problems due to ageing, I am not 
against using it. I’d even say: yes please, I’d like to! 
(F, 79 years-old, older person with RM)

In summary, this second theme on older people with RM 
suggested a certain variance of LLE acceptance dependent 
of experiences of ageing. This variance is defined by two 
different positions or views. This finding points out that 
perceptions on LLE use rely on how the ageing process is 
experienced.
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5.1.3 � Contrasting Imaginaries of the Human–Machine 
Interaction

Unanimously, older people with RM participating in our 
study perceived LLE as ‘machines’ able to provide help 
by contributing to increase autonomy. Within this widely 
shared vision, we identified two different imaginaries: 
According to the first one, older people with RM posi-
tioned themselves as people who trusted LLE; in the sec-
ond one, LLE raised certain scepticism, linked to broader 
imaginaries on the human–machine interaction.

According to the first imaginary, exoskeletons were 
seen as well-made reliable devices. This view was under-
pinned by the perception that it was easier to receive assis-
tance from a machine than from human caregivers.

Interview 8: but for me it’s easier to trust a machine 
that works in an automatic way that never varies. It’s 
like an electronic and electric device, the help that 
they can provide cannot be different from that for 
which it was designed for. So for me, it’s as reliable as 
a wall or a chair, as reliable as an object that is! (F, 
67 years-old, older person with RM)

Hence, older people expected that mobility assistance would 
be regular and precise, as opposed to the help provided by 
human caregivers, described as less reliable. This is an inter-
esting finding as it suggests that older people with RM expe-
rience negativity with relation to their dependency on their 
caregivers. Indeed, traditional AT devices such as wheel-
chairs, were described here as passive, thus, less attractive 
than LLE:

Interview 11: Precisely, I see that as an active help. 
To me, that is neither being dependent on a machine 
nor being dominated by it. Not at all. It’s the opposite, 
as it’s me who dominates the machine to use it and do 
whatever I want. In my idea, it’s always me who is in 
command of the machine, depending on my desire. I 
don’t let myself get dominated by the machine. (F, 62 
years-old, older person with RM)

Here, older people pictured themselves as active agents 
regarding AT and exoskeleton-use. LLE were considered 
like tools or aids that they would be able to command and 
control depending to their will and needs, not the other way 
around.

According to the second imaginary, our analysis identi-
fied more reluctance towards LLE. Exoskeletons were per-
ceived as devices with the power to erase the humanity of 
end-users and even their minds. LLE were labelled ‘robots’:

Interview 10: She is swallowed by the machine and you 
cannot even see her anymore [pointing at the person 
wearing an exoskeleton in one of the images] I would 

have the feeling of becoming a robot with all that para-
phernalia! She is totally dominated by the machine, 
and it’s not a real person anymore, who is master of 
her own actions. (F, 75 years-old, older person with 
RM)

This second perspective was underpinned by the posi-
tive value of being assisted by human caregivers instead of 
‘machines’. Help in this context was signified as an oppor-
tunity to interact socially:

Interview 10: Frankly, from the moment help is 
required, I’d rather have people’s help. They can 
bring something else, conversations and so on. 
Because even though the machine could help me to 
move around, it’s only a physical help, while older 
people, often, well they are looking for that but also 
for company. No truly, I prefer being helped by a real 
person and not by a machine. (F, 75 years-old, older 
person with RM)

This second imaginary was associated with the concern of 
being dominated by the machine. Agency here was highly 
valued, yet in a different way than the first imaginary:

Interview 5: I would be afraid to delegate such an 
important thing as my own walk to a machine. (M, 
64 years-old, older person with RM)

In summary, two main contrasting imaginaries were 
identified in this third theme among older people with 
RM’ accounts. Such imaginaries refer to views on the 
human–machine interaction embedded within meanings 
of the care relationship and the value of human agency.

Below, we synthetise main findings on older people’s 
perspective (Table 1).

Table 1   Main themes capturing older people with RM’s perspectives 
on LLE acceptance for everyday use

(a) Autonomy in everyday life can be enhanced through LLE, yet 
its acceptance requires learning

Feeling more independent from caregivers
Feeling less of a burden
Feeling less tired
vs
Integrating LLE to everyday life needs to be gradual and requires 

learning
(b) Contrasting views of the ageing process
Ageing is a ‘natural’ process that must not be countered
vs
Ageing is a process that needs to be countered
(c) Contrasting imaginaries of the human–machine interaction
LLE as strongly reliable machines
It is easy to receive help from a machine
vs
LLE as machines are less reliable than humans
It is difficult to receive help from a machine
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5.2 � Informal Caregivers’ Perspectives

Overall, informal caregivers perceived the use of LLE 
among older people with RM as highly beneficial. Two 
main themes captured this perspective:

(a)	 LLE have the potential to relieve some of the burden 
related to care responsibilities and,

(b)	 the acceptance of LLE for everyday life use would 
require learning

5.2.1 � LLE have the Potential to Relieve Some of the Burden 
Related to Care Responsibilities

According to informal caregivers, LLE had the potential to 
alleviate some of the burden of care responsibilities in the 
day-to-day. The emotional bond that participants described 
in relation to older people was particularly strong. Such a 
bond, however, could become burdensome and care activi-
ties were experienced as obligations.

Focus group 1: There is this dimension where, at 
times, I think that it’s not at all tiring to go and visit 
her, but when it’s over, I feel drained, since I play 
the moderator/to cheer her up, and then I try to spice 
up her life because… she expects me to come visit. 
(F, 65 years-old, informal caregiver at a residence)

From this perspective, taking care of older people with 
RM implied a taxing daily commitment. The great major-
ity of participants explained the difficulty of their role, 
which they had to learn ‘by doing’, with little or no formal 
training. In this sense, the daily care of older people with 
RM could lead to situations that were perceived as too 
complex for them to handle. Hence, LLE were portrayed 
as helpful tools:

Focus group 1: I think that the exoskeleton would be 
maybe not really for her and her independence, but 
most of all for the person by her side, for instance, to 
me. I would appreciate that help! It’s true that assis-
tive means as this machine would be helpful for those 
who are side by side [with the older people with RM], 
like myself. (M, 75 years-old, informal caregiver at a 
residence)

This finding of informal caregivers’ views strongly echoes 
with older people with RM’s perspectives, according to 
which they also felt like a ‘burden’ to others and believed 
that LLE represented a solution to alleviate this burden.

In addition, LLE acceptance was enhanced by the per-
ception that these tools would help maintain older people’s 
mobility abilities, including: the strengthening and mainte-
nance of muscular mass; improving body balance; benefi-
cial effects due to the upright position and the decrease in 
psychological and mental fatigue needed to anticipate each 
movement.

Focus group 1: He would feel support provided by the 
machine [showing the exoskeleton in one of the pic-
tures]. That tool would allow him to worry less about 
every movement to make, so he would feel less tired. 
(F, 65 years-old, informal caregiver at a residence)

Again, this finding echoes with older people with RM’s per-
spectives. Moreover, informal caregivers perceived that LLE 
use would help improve older people’s subjective wellbeing 
by participating to everyday life activities, beyond functional 
advantages of the exoskeleton:

Focus group 1: And if the person is able to find the 
mechanical ability with this assistance, maybe it could 
also help to achieve a better quality of life at the physi-
cal level, thanks to an increase in mobility, but also 
psychologically, to find joy again. (M, 65 years-old, 
Informal caregiver at a residence)

Informal caregivers argued that these benefits could be 
enhanced by the specific design of AUTONOMYO, enabling 
for the user to initiate her/his own walking movement. This 
represented a key quality to enhance the feeling of control 
over the device, instead of the opposite.

Focus group 2: It [the exoskeleton] enables a mechani-
cal walk but the person induces the gesture, so she 
feels as the warden of the apparatus. It is her who 
is in command of the movement, so it’s a great aid 
that makes the person feel worthy. She has really the 
impression of managing her own movement, let’s put 
it like that. She is not captive or passive of the device. 
(F, 73 years-old, informal caregiver at a residence)

Such finding also resonates with certain views identified 
across older people accounts.

To summarise, this theme of informal caregivers’ per-
spectives showed that LLE were largely beneficial ‘tools’ 
that could significantly alleviate their care duties, and fur-
thermore help older people with RM through an increase 
in physical movement, and therefore, everyday life social 
activities, contributing to an embodied personal and social 
wellbeing.
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5.2.2 � The Acceptance of LLE for Everyday Life Use Would 
Require Ample Learning

In line with older people with RM’s accounts, informal car-
egivers perceived LLE acceptance as a learning process. 
According to participants, exoskeletons would need to be 
introduced gradually, as if they assumed that older people 
with RM would first reject the tool before adopting it, except 
for situations where AT such as wheelchairs or canes were 
already part of older people’s everyday lives.

Focus group 2: The wheelchair and anything that helps 
in an ergonomic way, that she [older people with RM] 
accepts quite easily. At home, we have tools to help her 
climb the stairs, we have wheelchairs, we have walk-
ers, canes. So, I think that she wouldn’t have any trou-
ble with it [the exoskeleton] (F, 26 years-old, informal 
caregiver at a residence)

All informal caregivers agreed that older people with RM 
would adopt exoskeletons under the condition of feeling in 
control of the device. This finding was underpinned by the 
widely shared perception that LLE would relieve the felt 
burden of care.

In summary, this theme extended informal caregivers’ 
shared perceptions of exoskeletons as promising solutions 
to relieve care duties by representing a tool that would allow 
older people with RM to move around in everyday life envi-
ronments that have not yet been adapted for people with 
mobility impairments. Although such devices would need a 
gradual introduction, LLE would be integrated successfully 
to older people’s daily lives.

Here, we summarise the main findings on psychosocial 
aspects on LLE acceptance produced by informal caregivers’ 
accounts (Table 2).

5.3 � Professional Caregivers’ Perspectives

Professional caregivers accounts showed a certain degree of 
resistance towards the acceptance of LLE for everyday use. 
While participants acknowledged psychosocial benefits for 
older people with RM, they perceived LLE as a threat to the 
care relationship in healthcare settings.

We identified two main themes capturing the formal car-
egivers’ perspective:

(a)	 LLE use would lead to a dehumanisation of the care 
relationship, and

(b)	 LLE and AT represent a potential threat for certain 
healthcare professions.

5.3.1 � LLE Use Would Lead to a Dehumanisation of the Care 
Relationship

This theme described the fear perceived among professional 
caregivers towards LLE, as these devices were viewed as 
a threat to the care relationship, especially in the ‘care-at-
home’ context. Their accounts stressed the major role that 
the human relationship dimension plays in their job. In this 
view, older people with RM would feel isolated by gaining 
autonomy through LLE use:

Focus group 3: As I was saying at first, they [older 
people with RM] will think that we will pass by less 
often and that they will be lonelier in solitude. So, 
they won’t accept this device [pointing at an image 
representing an exoskeleton] because then we would 
pay less visits to their homes. Actually, it’s neither the 
care nor the autonomy that they are looking for, but 
the company. This device would scarcely solve any 
problems. (F, 45 years-old, professional caregiver at 
a residence)

Table 2   Main themes 
capturing informal caregivers’ 
perspectives on LLE acceptance 
for everyday use among older 
people with RM

(a) LLE have the potential to relieve some of the burden related to care responsibilities
The emotional bond that links informal caregivers to older people with RM would become stronger given 

LLE use in everyday life contexts
Integrating LLE to everyday life would improve wellbeing among older people with RM
(b) The acceptance of LLE for everyday life use would imply an extensive learning process
LLE acceptance among older people with RM constitutes a process that requires ample learning
Eventually, LLE acceptance among older people with RM will be successful
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Professional caregivers perceived the functional benefits of 
LLE but feared the loss of important social interactions. To 
them, the human contact should not be replaced by LLE, 
nor any AT:

Focus group 3: We represent their [older people with 
RM] contact with the outer world. Thus, with this 
machine [pointing at an exoskeleton in one of the 
images] they would say ‘well, they [professional car-
egivers] won’t have a reason to pass by anymore’. They 
would see the machine [the exoskeleton] as a physical 
help, but they would lose the [human] presence. (F, 
52 years-old, professional caregiver at a residence)

To summarise this theme, professional caregivers were scep-
tical of LLE. The potential psychosocial benefits of this tool 
for older people were reduced to purely functional aspects.

5.3.2 � LLE and AT Represent a Threat for Certain Healthcare 
Professions

Professional caregivers perceived a limited potential of LLE 
in healthcare settings, especially with older people with RM. 
Exoskeletons could only be seen as working tools, for exam-
ple with the purpose of supporting a rehabilitation process 
rather than for everyday life use.

Focus group 3: That’s why I’d rather see it [the exo-
skeleton] as a form of re-education. Yes, a little bit 
like physiotherapy where, twice a week, we go for a 
walk with that thing. (F, 52 years-old, professional 
caregiver at a residence)

All professional caregivers, were reluctant towards LLE and 
highlighted potential risks:

Focus group 4: If that [the exoskeleton] falls on the 
user, it’s really dangerous. It’s imperative in this 
context to prevent falling [among the older people] 
because if they fall with this thing, it’s even more dan-
gerous that without wearing any device (F, 35 years-
old, professional caregiver at a residence)

This second theme suggests that professional caregivers 
perceived LLE and AT as a potential threat to their job. The 

thought of fearing to be replaced in the future by AT seemed 
unbearable:

Focus group 3: So eventually, with this machine [exo-
skeletons] aren’t we endangering our jobs even more? 
in the sense that people will be needing less and less 
our services and that they will call for these services 
increasingly less? And that everything will be replaced 
by machines and automatic things precisely. It is scary 
if we think like that because our job is maybe in dan-
ger, as the result of replacing everything by devices or 
other technological functions! (F, 52 years old, infor-
mal caregiver at a residence)

Such a threat was enhanced by a broader concern: the extra 
workload that was attributed to the increased and rapid digi-
talization of healthcare. LLE were viewed as a burden rather 
than an aid to their work. In this sense, technological devices 
were referred to as mere gadgets rather than proper tools 
within the context of their profession:

Focus group 4: The main problem of working in resi-
dencies for older people relies on the heavy workload, 
which we refer to as ‘the electro-numeric workload’. 
This means that each year, they [the top managerial 
levels] keep bringing special walkers, special alarms, 
and so on. (M, 56 years-old, professional caregiver at 
a residence)

In summary, professional caregivers showed a certain degree 
of resistance towards LLE use among older people with RM 
in healthcare settings. This was underpinned by a broader 
fear of the rapid expansion of AT in healthcare contexts 
(Table 3).

To conclude the findings section, we present a table that 
synthetises main outcomes around two crosscutting psycho-
social considerations—‘perceptions of the ageing process’ 
and ‘perceptions on the human–machine interaction’—based 
on each population’s perspective (Table 4).

The first psychosocial consideration regards specific per-
ceptions of the ageing process. Among older people with 
RM, two perspectives were identified: those accepting the 
process of ageing, defined by a ‘natural’ physical mobility 
loss, and those who were willing to combat the mobility 

Table 3   Main themes capturing professional caregivers’ perspectives on LLE acceptance for everyday use among older people with RM: nursing 
homes and ‘care at home’ contexts

(a) LLE use would lead to a dehumanisation of the care relationship
The social bond that links professional caregivers to older people with RM would be threatened if LLE were used by older people in everyday 

life contexts
In healthcare settings, integrating LLE to everyday life would decrease wellbeing among older people with RM
(b) LLE and AT represent a threat for healthcare professionals
In healthcare settings, the use of LLE by older people with RM would be useful for rehabilitation purposes only
LLE and AT as a threat to healthcare jobs
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changes due to ageing through LLE use. Informal caregiv-
ers’ visions of ageing implied the eventual LLE use by older 
people with RM even though the learning process would 
take time. Professional caregivers perceived LLE use as a 
threat to the care relationship, underpinned by the percep-
tion of ageing as needing professional care based in human 
interactions.

The second psychosocial consideration refers to the 
human–machine interactions. For older people with RM and 
informal caregivers, LLE use was associated to enhanced 
autonomy in everyday life, as well as a relief of the burden 
experienced within the care relationship. At the same time, 
older people with RM positioned themselves in opposing 
ways, trusting the machine yet fearing that the latter could 
take over their personal agency. Finally, professional car-
egivers perceived the human–machine interaction as an 
economic threat—perhaps linked to a fear of losing their 
jobs due to LLE. Indeed, such a threat seemed more broadly 
underpinned by concerns of the rapid digitalisation of 
healthcare.

6 � Synthesis

This exploratory study aimed at exploring perceptions 
regarding potential Lower Limb Exoskeletons (LLE) for eve-
ryday use among an older population with reduced mobility 
(RM). Three populations that could particularly benefit from 
this technological advance were included: older people with 
RM and their close entourage—informal and professional 
caregivers. To do so, we implemented an interdisciplinary 
study between robotics engineers and health psychologists. 
We adopted a qualitative approach of health psychology 
using AUTONOMYO, a LLE prototype produced by the 

robotics engineers. Our study addressed meanings attached 
to experiences, necessary for a better understanding of LLE 
acceptance. Our qualitative methodology was underpinned 
by a grounded theory framework, aimed at exploring par-
ticipants’ views by focusing on their accounts, focusing on 
meanings. Accounts were stimulated by images presented 
of AUTONOMYO worn by an older person across different 
everyday life contexts (shopping, walking, social interac-
tions, etc.). Each of the three perspectives was considered in 
the qualitative analysis (thematic analysis). This grounded 
theory approach was complementary to previous recent work 
analysing Assistive Technology (AT) acceptance and, more 
particularly, LLE use among senior adults based on more 
deductive models (e.g. STAM) [11, 15, 16].

Main findings highlighted key crosscutting psychosocial 
considerations linked to end-users’ perceptions regarding 
LLE acceptance alongside the widely positive view that 
LLE could enhance autonomy: the need to consider subjec-
tive perceptions of the ageing process when studying LLE 
acceptance among older people with RM, and the impor-
tance of analysing perceptions on the human–machine 
interaction.

7 � Discussion and Conclusion

In the present study, LLE were perceived as promising solu-
tions for older people with RM, especially among older peo-
ple with RM and informal caregivers. Such devices were 
defined as potentially useful tools. This finding builds upon 
previous recent studies in the field within Western contexts, 
namely Europe [16, 47]. Participants strongly believed that 
LLE could address experienced difficulties resulting from 
the lack of autonomy due to ageing. Older people with 
RM and informal caregivers described the burden they 

Table 4   Synthesis of psychosocial considerations on LLE acceptance for everyday life use among older people with RM

Social actors concerned User prox-
imity with 
LLE

Perceptions of the ageing process Perceptions on the human–machine interaction

Older people with RM Primary Ageing as main factor to adopt the LLE, yet LLE 
use requires an ample learning process

LLE enhances autonomy
LLE are a potential relief to feeling like a burden 

to others
Trust in technology is a main factor to adopt LLE

Informal caregivers Secondary LLE use requires a learning process in order to be 
used by older people

LLE enhances autonomy
LLE are an undeniable relief for the care relation-

ship
Mostly trust the technology

Professional caregivers Secondary LLE may de-humanize the care relationship, 
which is central to older people’s wellbeing

LLE are an economic threat to healthcare jobs
Resistance towards LLE and technology are linked 

to broader fears on the digitalization of health-
care
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experienced regarding the strong dependency of the older 
person on the caregiver in the care relationship due to mobil-
ity impairments. Both populations had high hopes to use 
LLE to help relieve this psychosocial burden. This finding 
contributes to the current literature, namely on European 
attitudes towards assistive robots, by pointing out potential 
psychosocial benefits perceived by young olds regarding AT, 
such as LLE. Indeed, younger generations of older adults 
seem less reluctant than people aged over 75 [48].

Our outcomes highlighted the key role of perceptions of 
the ageing process among each population considered in 
our study. Among the group of older people with RM, two 
different perceptions of ageing were analysed: ageing as a 
‘natural’ process that does not need to be prevented and a 
second one where it can be combatted via AT, such as LLE. 
Depending on whether the process of growing old was signi-
fied as needing to be prevented or, on the contrary, accepted, 
LLE were viewed more or less positively. The acceptance 
of exoskeletons was perceived by older people with RM 
and informal caregivers as a progressive phenomenon that 
required ample learning. In both cases, LLE were believed 
to eventually be part of their daily lives.

LLE were perceived by all three populations as implying 
a specific ‘human–machine’ relationship, fundamentally dif-
ferent from human–human interactions. Beyond this com-
mon psychosocial consideration, each population had a par-
ticular vision:

Both older people with RM and informal caregivers’ 
accounts revealed trust towards exoskeletons, perceived as 
machines that were more reliable than human assistance. 
This assertion was enhanced by the strong hope attached 
to exoskeletons, seen as a solution to ease the burden of 
mobility impairments for both populations. The feeling of 
trust towards exoskeletons was referred to by older people 
with RM when they presented themselves as agents who 
would be able to control the device. Certain fears arose when 
the device was perceived as a machine that could dominate 
the user with scarce control over it. This finding seemed 
closely linked to the value attached to ‘agency’ in individu-
alised Western societies [49]. Indeed, technology, via the 
human–machine interaction, shall be regarded as a tool 
that is used at the service of people’s health and wellbeing, 
respecting subjective needs and specific contexts of use.

Professional caregivers positioned themselves as 
more resistant to LLE acceptance with regard to the 
human–machine interaction. This technology was not per-
ceived as appropriate for therapeutic use among older peo-
ple with RM. From this standpoint, older people with RM 
were seen in need of care that only human beings could 
provide. LLE were portrayed more broadly, as threatening 
the care relationship. This feeling of menace seemed under-
pinned by a broader fear of being replaced by the machine 
and, thus, losing their jobs. This perception was related to 

a sense of resistance expressed towards the rapid and mas-
sive digitalization of healthcare, and LLE were perceived 
as part of this shift. This finding could be related to the 
fact that professional caregivers’ care relationship carries 
an economic dimension linked to the job, as opposed to that 
characterising informal caregivers, defined as more emo-
tional which can often be burdensome. Also, Western soci-
eties seem more conservative with regard to technological 
devices compared to other societies such as the Japanese 
culture [50–52].

Though the present exploratory study contributes to the 
understanding of the psychosocial factors at play, it had its 
limitations, namely the specificity of the sample—limited to 
the French Swiss sociocultural context. Also, due to ethical 
and security reasons, we were constrained to use photo-elu-
cidation as stimuli, instead of inviting participants to wear 
the LLE which would have provided them with a more ideal 
experience. As AUTONOMYO was still a prototype at the 
time of the study there were clear restrictions to its use. 
Despite these limitations, the interdisciplinary collabora-
tion using a qualitative approach in health psychology was 
particularly fruitful to move beyond functional considera-
tions on acceptance underlined by recent literature [48, 53], 
and provide psychosocial insight of LLE acceptance for 
everyday use in the context of gerontology. In this sense, 
our approach enabled us to further understand end-users’ 
perspectives in inductive ways.

In contemporary times, ageing has become a major soci-
etal challenge in terms of health costs while, paradoxically, 
technology has never been more present in the fields of 
health and gerontology. As researchers, we must reflect on 
our collective responsibility to define how to contribute to 
improve older peoples’ quality of life in their day-to-day, by 
putting technology, such as LLE, at their service. Beyond 
senior adult populations, their entourage is at the heart of 
the challenges faced by older people’s mobility impairments 
in everyday life, hence they also need to be included in this 
reflection [54]. Qualitative research has the potential to 
investigate people’s views on technology use and has shown 
to be reliable [55, 56]. This form of knowledge is comple-
mentary to those produced using experimental approaches. 
Promising future perspectives could thus involve the use of 
mixed-methods research designs able to articulate qualita-
tive and quantitative data. Such designs would be highly 
useful to confirm and develop the two main psychosocial 
considerations outlined in the present research.
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